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Outline

ÅMultiphase flow applications

ÅModeling multifluid flows with volume of fluid (VOF)

ïNumerical algorithm 

ïVolume fraction advection schemes

ïTest problems

ÅMultifluid flows with large, discontinuous density jumps

ïDifficulties, solution, and test problems

Å Incorporating additional interfacial physics

ïSurface tension

ïWall adhesion

ÅConclusion
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Multiphase flow applications

Multiphase flow is the simultaneous flow of material in different 

phases or in the same phase but with different flow properties

Liquid-Gas (multifluid)

Å Atomization of cryogenic propellant

Å Fuel sloshing in tanks

Å Lubrication systems

Liquid-Liquid (multifluid)

Å Oil dispersion in water

Å Microfluidics

Gas-Solid

Å Particle-laden rocket plumes

Å Dust storms

Liquid-Gas-Solid

Å Additive manufacturing

Å Nuclear and chemical reactors
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Liquid jet atomization (Van Dyke, M., 1982)

Melt pool in laser additive manufacturing (www.stratonics.com)



Modeling multiphase flow with VOF

Volume of Fluid (VOF) method:
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VOF representation of a fluid interface



Pressure-velocity coupling
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Two-step projection method:

1. Calculate provisional velocity (   ) ignoring pressure gradient term

2. Solve Poisson equation for pressure

3. Correct provisional velocity to be divergence-free



Numerical approach
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Discretization

Å Finite volume on staggered, Cartesian 

grid

ÅVan Leerôs scheme for convective term

Elliptic solver

ÅGeometric multigrid

Gauss-Seidel

G(h) G(2h)

G(h)

G(2h)

G(h)

Two-grid V-cycle



Elliptic PDE solver

Multigrid test problem
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Single-phase flow test

Lid-driven cavity
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Single-phase flow test

Lid-driven cavity
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Horizontal velocity profile along centered vertical transect

Vertical velocity profile along centered horizontal transect



Solving                       with upwind finite differences

VOF ïVolume fraction advection
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Translational Flow Shearing Vortex Rigid-Body Vortex


